The electron paramagnetic resonance (EPR) parameters (g factors g i and the hyperfine structure constants A i , i = x, y, z) are interpreted by using the perturbation formulae for a 3d 9 ion in rhombically (D 2h ) elongated octahedra. In the calculated formulae, the crystal field parameters are set up from the superposition model, and the contribution to the EPR parameters from the admixture of d-orbitals in the ground state wave function of the Cu 2+ ion was taken into account. Based on the calculation, local structural parameters of the impurity Cu 2+ center in Cd 2 (NH 4 ) 2 (SO 4 ) 3 (CAS) crystal were obtained (i.e., R x ≈ 2.05 Å, R y ≈ 1.91 Å, R z ≈ 2.32 Å). The theoretical EPR parameters based on the above Cu 2+ -O 2− bond lengths in CAS crystal show a good agreement with the observed values. The results are discussed.
Introduction
Single crystal Cd 2 (NH 4 ) 2 (SO 4 ) 3 (CAS) has attracted interest of researchers due to the unique dielectric [1] , phase transition [2] , optical [3] , birefringent and electrooptical properties [4] . The above properties may be closely related to the local structures, chemical bonding and electronic states of the doped ions in the hosts. Electron paramagnetic resonance (EPR) has long been considered as one of the most useful tools for the experimental study of chemical bonding. The EPR method provides a detailed description of the ground state of paramagnetic ions and enables one to explain the nature of crystal field and its symmetry produced by ligands around the metal ion [5] [6] [7] . Among these transition metal ions, Cu 2+ ions with 3d 9 configuration are widely used as paramagnetic probes as they represent a relatively simple one-hole magnetic system which can be used to obtain information regarding the electron wave function when there is a ligand field of low symmetry. Thus, EPR spectra of Cu 2+ ion in different diamagnetic host lattices have been studied by many workers to get some data on the structure, dynamics and environment of host lattices [8] [9] [10] [11] [12] . For example, the EPR experiments were carried out for Cu 2+ doped in CAS single crystal, and the EPR parameters (anisotropic g factors g i and the hyperfine structure constants A i , i = x, y, z)
were also measured for rhombic Cu 2+ center [13] . However, no satisfactory interpretation to the above experimental results has been made so far, and the data on the defect structures of Cu 2+ center have not
been obtained yet. 
Calculation
In the lattice of CAS crystal, each Cd 2+ is surrounded by six oxygen atoms which form a slightly distorted octahedron [13] . When Cu 2+ is doped in CAS crystal, it enters the lattice at Cd 2+ site. For a 3d
9
(Cu 2+ ) ion in an octahedral complex with a rhombic elongation it would give g z > g x , g y > 2 [12, 14, 15] .
Experimental results of EPR parameters in reference [9] agree with this relation. That is to say, the studied Cu(H 2 O) 2+ 6 clusters in CAS crystal are in rhombically elongated octahedra. However, the host Cd(H 2 O) 2+ 6 clusters in CAS crystal are under rhombically compressed octahedra similar to many other tutton [16] . 
Here, t 2 ≈ 3 and t 4 ≈ 5 are the power-law exponents due to the dominant ionic nature of the bonds [9, 12, [18] [19] [20] . A 2 (R 0 ), and A 4 (R 0 ) are intrinsic parameters with the reference distance R 0 [taken as R 0 = R = (R x + R y + R z )/3]. The ratio A 2 (R 0 )/A 4 (R 0 ) was found to be in the range 9 − 12 as per several studies of optical and EPR spectra using superposition model for 3d n ions in crystals [12, [19] [20] [21] [22] . Here, we take [9] . Since the states 2 A 1g (θ) and 2 A 1g (ǫ) belong to the same representation of rhombic symmetry group, the ground state will be neither 2 A 1g (θ) nor 2 A 1g (ǫ) but an admixture of both [8, 22] , i.e., Φ = N α|d x 2 −y 2 + β|d 3z 2 −r 2 , (2) where N is the probability of finding electron in the metal d-orbital, the characteristic of covalency of the system. α and β are the mixing coefficients due to the rhombic field components and satisfy the normalization relation:
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From perturbation theory, the high-order perturbation formulae of EPR parameters (g factors g x , g y , g z and hyperfine structure constants A x , A y , A z ) for 3d 9 ions in rhombic symmetry can be expressed as [14, 22] : 
According to optical spectral studies for Cu 2+ in oxides with similar [CuO 6 ] 10− cluster [26, 27] , the cubic field parameter D q (≈ 1050 cm −1 ) and the orbital reduction factor k (≈ 0.84) can be obtained. From the core polarization constant κ (≈ 0.2 − 0.6 [8, 9, 20, 24] ) for Cu 2+ in many crystals with similar
10− clusters, one can estimate κ (≈ 0.34) for the system studied here. In view of the anisotropic contributions to hyperfine structure constants from Cu 2+ 3d-3s (4s) orbital admixtures, the anisotropic core polarization constants are taken as κ ′ (≈ 0.021).
Then, for the impurity Cu 2+ in CAS single crystal, we take the Cu 2+ -O 2− bond lengths:
Substituting the above values into the matrix formulae in equation (1), and using the ground state wave function as follows: 
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Discussion
From 1. From table 1, one can find that the calculated EPR parameters by using the perturbation formulae and considering the admixture of the ground states experimental data and the results are better than those obtained using the above formulas while neglecting the admixture of the d-orbitals (i.e., α = 1, β = 0). Moreover, it is noted that the mixing coefficient α (≈ 0.980) is very close to that (α ≈ 0.977 − 0.996 [8, 14, 22] ) based on the analysis of EPR parameters for similar rhombic Cu 2+ centers in many crystals.
2. From table 1, one can see that the absolute values of the calculated hyperfine structure constants A i are in good agreement with the experimental findings, but the signs of all of them are negative. Actually, the signs of hyperfine structure constants are very difficult to ascertain. Thus, many experiments give them as absolute ones [8, 24, 28, 29] . However, negative signs of constants A i for 3d
n ions in many crystals were proposed [20] [21] [22] [23] . Thus, the negative signs of hyperfine structure constants obtained in this work can be regarded as reasonable.
Conclusion
The EPR parameters and the local structures of rhombic Cu 2+ center in the CAS crystal are theoretically investigated from perturbation formulae for a 3d 9 ion in rhombically elongated octahedra.
The theoretical results based on the above perturbation formulae and considering the admixture of the ground states 2 A 1g (θ) and 2 A 1g (ǫ) are in good agreement with the experimental data. The ligand octahedra around Cu 2+ are found to suffer a relative elongation along the C 4 axis due to Jahn-Teller effect, which may entirely depress the original compressed Cd(H 2 O) 2+ 6 octahedra in the host crystals.
